1 pumice and ash deposits, also known as tephra, were studied only briefly. They are complexly interbedded, show little erosion, and warrant further work because they contain the most complete record of Holocene caldera eruptions. Most flank rocks are mantled by windblown ash deposits (Mazama ash bed) derived from distant eruptions at Crater Lake National Park and are locally buried by widespread pumice-fall deposits originating from vents in the summit·caldera. Consequently, many rock units are poorly exposed. In some cases, contacts shown on the map are based partly on topographic expression.
The age of rock units has been determined by several techniques. Isotopic ages of some Holocene stratigraphic units were determined by carbon-14 (14C) dating, a method useful for dating organic materi~ younger than about 50,000 years in age. The 14 C time scale diverges from conventional calendar years, however, because the relative abundance of the 14 C isotope in the atmosphere has varied over time (for example, Faure, 1986) . Organic materials 3,000-7,000 years old yield 14 C ages that are 100 to 900 years younger than the age as measured in calendar years (see table 1 ). For example, charcoal from beneath the Lava Cascade Aow (Qyb 9 ) has a t4C age of 5,800±100 years before present (yr B.P.), which corresponds to a calendar age of 6,610±130 yr B.P. (table 1) . For organic material younger than 3,000 1 4C yr B.P., the deviation from calendar age is less than 200 years.
The Mazama ash bed blankets all older rocks, thereby forming a useful stratigraphic marker for determining the relative ages of Holocene rocks and deposits. The ash has a carbon-14 age of about 6,845±50 14C yr B.P., which corresponds to a calendar age of 7, 640± 50 yr B.P. (table 1) . Most lava flows younger than the Mazama ash bed are easy to recognize because their pristine surfaces contrast starkly with surrounding ash-blanketed units. On particularly rough-surfaced, pre-Mazama lava and obsidian flows, however, the ash has been washed from knobby protuberances Into depresssions, as has subsequently deposited tephra. Our 2-m-deep excavations on some of those flows faiJed to penetrate the younger tephra deposits and to test for the presence of Mazatna ash. Thus, the age of those flows relative to the Mazama ash bed remains uncertain.
Hydration-rind ages were obtained from many Holocene obsidian flows (Friedman, 1977; Friedman and Obradovich, 1981) . This method of dating assumes that glass hydrates inward from a fresh surface as a function of time; the rate is dependent upon the ambient temperature and composition of the glass. Therefore, hydrationrind ages also would differ from calendar ages If, as Is likely, atmospheric temperatures have had significant longterm variations. The hydration-rind ages (table 2) are discussed as calendar ages but have potentially large errors owing to uncertainties In temperature history.
Potassium-argon (K-Ar) dating has been applied to many of the older rocks in the map area. The ages are Interpreted as the number of years (millions of years) since the rocks crystallized; for volcanic rocks this Is the age of emplacement. The K-Ar method relies on the time· dependent decay of potassium to radiogenic isotopes of argon. To be accurately dated, the material sampled must have a sufficient concentration of potassium and must be old enough to have accumulated measurable amounts of radiogenic argon. At Newberry volcano, replicate age determinations on individual rock bodies have produced widely varying K-Ar ages, owing to a combination of relatively youthful age, low potassium content, and large degree of contamination by atmospheric argon. Some anomalously old ages may result from the initial incorporation of radiogenic argon Into the magma. Many K· Ar ages obtained from rocks and drill core at Newberry volcano are Inconsistent with stratigraphic relations. Therefore, we refer in the unit descriptions only to those K-Ar ages deemed consistent with stratigraphic relations or to those ages for which other data are insufficient to challenge the accuracy of the age.
We also rely on the magnetic polarity of ·rocks as a way to bracket the ages of some units. When volcanic rocks crystallize they develop a very weak magne· tization parallel to the Earth's magnetic field. The strength of the field fluctuates, and the field orientation reverses itself periodically. Although irregular in duration, the ages of magnetic polarity reversals are well determined from studies worldwide. By convention, the modern orientation is called normal polarity, and it characterizes rocks erupted during the last 730,000 years, as well as other nonnal-polarity epochs in the geologic past. Rocks erupted between 0.73 and 0.90 million years ago possess reversed-polarity magnetization. The "north" end of a compass needle would point to the southern hemisphere during times of reversed-polarity magnetization.
On the basis of reconnaissance field magnetometer studies, all stratigraphic units on the volcano are nor· mally polarized and thus likely younger than about 0.73 million years. Accepted K-Ar ages from rocks on the volcano are as old as about 0.6-0.5 million years. Older, reversely polarized domes and lava flows probably predate Newberry volcano. For example, reversely polarIzed domes at China Hat and East Butte have K-Ar ages of 0.80±0.21 and 0.87±0.05 million years, respectively. Undated rocks at Indian and Amota Buttes also are older than 0. 7 3 million years, on the basis of their reversedpolarity magnetization.
Many geographic names have been popularized over the years, and some have become formal place names. The name "Mount Newberry" was first applied to the volcano by I. C. RusseU in honor of Dr. John S . Newberry, a scientist with the Pacific Railroad surveys of the mld1800s and one "who did much to make the geography, geology, and botany of the State [of Oregon) widely known" 2 (Russell, 1905, p. 97) . Mount Newberry never became established as a geographic name, but Newberry Crater commonly has been applied to the summit caldera of Newberry volcano. The name "Big Obsidian Flow" originated as an apt designation for one of the most prominent geographk features In the caldera; It was already In use in 1935 when Howe) Williams did his pioneering study of the summit caldera (Williams, 1935) . Several Important features such as Paulina Lake and Paulina Peak were named after Chief Paulina of the Walapl tribe.
We capitalize those geographic names that are fonnaly approved by the U.S. Board on Geographic Names, whereas Informal names are uncapitalized. The East Lake Fissure, for example, Is a formal geographic name applied to a feature on the north caldera wall and extendJng down to the shore of East Lake. In contrast, "east rim fts· sure" Is an informal name we apply to a vent system that parallels the eastern caldera ring fault along the caldera rim. Some other names have been used repeatedly in the geologic literature and are at times treated as though they were formally approved, when in fact they remain informal-for example, "Mixture Butte" and "The Spire." To avoid confusion, those names are always shown in quotations when used in this report.
Similar conventions for capitalization apply to the naming of geologic units. For example, the widespread ash deposit from ancestral Mount Mazama, commonly referred to as "Mazama Ash," has never been formally defined. Therefore we refer to it Informally as the "Mazama ash bed." Nearly every Holocene lava flow on Newberry volcano has been named, many of them by Norman V. Peterson and Edward A. Groh (for example, Groh, 1965, 1969) . Although the names are often capitalized as proper nouns (lava Butte Flow, for example), we interpret this to indicate their use as geographic place names, not as formal stratigraphic names.
In stratigraphic studies, several criteria are discussed when formally naming a volcanic stratum, including description of the unit, Its composition, mineralogy, location of a reference or "type" section, and definition of boundaries. None of the Holocene lava flows have been so treated. Hopefully, the mention and clarification of these details doesn't detract from the enjoyment and use of the map.
REGIONAL GEOLOGIC SETTING
Newberry volcano lies at the boundary between the Cascade Range and the Basin and Range physiographic provinces ( fig. 1 (Hill, 1985; Hill and Taylor, 1990) , lie adjacent to the northwest flanlt of Newberry volcano.
Newberry volcano also shares tectonic and compositional characteristics with the Basin and Range physiographic province. Newberry volcano lles at the northwest end of, and shares some characteristics with, a Basin and Range-related sequence of rhyolite domes and calderarelated ash-flow tuffs that show a well-defined monotonic age progression ( fig. 1) . The sequence includes rhyolite erupted 10 million years ago about 250 km to the east; the rhyolitic rocks become younger northwestward, culminating in rocks younger than 1 million years at Newberry volcano (Walker, 1974; Macleod and others, 1976) . The rhyolite domes of this progression are chemically evolved, with concentrations of large-ion lithophile elements higher than In most rhyolite and rhyodacite of the Cascade Range. Some of the older rhyolitic rocks (Oer) at Newberry volcano are similarly evolved; they form groups of domes and lava flows along northeast trends subparallel to the isochrons of the age progression shown in figure 1 . fig. 2 ). Its topographic base Is at an elevation of about 1,350 m (4,400 ft), and its highest point, Paulina Peak, is 2,434 m (7,984 ft) . Although only about 1,100 m high, the volcano covers an area of 1,600 km2. The volume of the volcanic edifice is about 400-500 km 3 , measured from the surrounding plains (1 ,350 m) . The total volume of Newberry products may be twice as great, depending on the depth and configuration of the volcano's base in the subsurface and the volume of flows and tephra that extend beyond the map area or which are now eroded.
EXPLANATION
As shown by the geologic map (sheet 1), the elongate shape of Newberry volcano results from the distribution of vents and lava flows of basaltic andesite, basalt, and minor andesite along the length of the volcano. In contrast, dacitlc to rhyolitic volcanism has been focused In the central part. Newberry-derived pyroclastic-flow 3 deposits, which are mainly andesitlc to rhyolitic in composition, are most widely exposed In the central sector of the volcano, as are nearly all the dacitlc to rhyolitic domes and lava flows. The gentle 1 °·3° slopes on the lower flanks of the volcano steepen abruptly at about the 1,800-m elevation (6,000 ft) Basalt lava flows on the north.flank of Newberry volcano spread across the broad plain of the Deschutes basin from Bend to beyond Redmond. They extend 45 lan north of the map area, cover 700 km2, range in thickness from 6 to 30 m, and account for an additional 4-20 km 3 of lava. The most northerly vents, however, are on the volcanic edifice in the map area. A broad low summit in an area known as the Badlands (northeast comer of sheet 1) is probably a rootless vent fed Walker and others (1967) , Swanson (1969) , and Macleod and Sherrod (1992). 
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Pumice·fall deposits (Qbop), thickness con· tours in centimeters Figure 3 . Distribution and thickness of the Mazama ash bed (erupted from Crater Lake caldera) and pumice-fall deposits (unit Qbop, erupted from Newberry caldera during the Big Obsidian erup· tlve period). Data from Sherrod (1991) , Macleod and Sherrod (1992) , Sherrod and Pickthom (1992) , this map, and our unpublished work.
by lava tubes that originated upslope on Newberry volcano.
The Badlands summit lacks near-vent cinder or spatter characteristic of primary vents. and K-Ar ages (Swanberg and others, 1988) . Drill-core ages (right side of columns) in bold typeface are interpreted as accurate; other ages difficult to reconcile with magnetic polarity data. Ages of global magnetic polarity transitions from Mankinen and Dalrymple (1979) . See figure 2 for location of drill sites.
For the cross sections, we have combined K-Ar ages from drill core (Swanberg and others, 1988) with mag· netic polarity data (Unneman, 1990) to determine agedepth relations. The best fit for data from drill hole GEO N-1 (fig. 5) requires our assuming that the drill core does not record the Jaram!Uo Normal-Polarity Subchron (of the Matuyama Reversed-Polarity Chron) (0.97-0.90 million years ago). For GEO N-3, the K-Ar ages lack any internal consistency, so the magnetic polarity reversals were assigned to chronozone boundaries by assuming that every major reversal was sampled. If the assumptions are appropriate, then both holes penetrated rocks older than about 1.87 million years in their lowest parts. This interpretation of the drill-core data creates a symmetrical age· depth profile of the volcano (section A-A,.
Little is known about age-depth relations west of the volcano. Water wells in La Pine basin have penetrated as much as 400 m of alluvium, including lake deposits, before hitting lava flows (Couch and Foote, 1985) . Thickest 7 parts of the alluvial fill, which may be as thick as 0. 7-1.0 km (Gettings and Griscom, 1988) , probably coincide with a 10-mGal gravity anomaly located at the west edge of section B-B' (Couch and others, 1982) . (Gravity anomalies commonly result where low-density sedimentary rocks accumulate to great thickness; the force of gravity measured at the Earth's surface is less in these areas owing to the density contrast.} In contrast to the alluvium of La Pine basin, lacustrine deposits are lackIng in drill holes on the flanks of Newberry volcano, and the alluvial strata on the volcano are complexly interbedded with primary pyroclastic rocks. Thu~ It seems likely that the volcano has formed the eastern buttress to basin· filling sediment for a substantial period of time.
THE CALDERA
The summit caldera of Newberry volcano is about 7 km east-west by 5 km north-south. It is a collapse structure with several walls nested one inside the other, indicating more than one set of ring fractures. The multiple ring fractures may have formed during a single event as blocks collapsed piston-like or slumped along the margin of the caldera. More likely, however, is a collapse associated with each of the voluminous pumiceous eruptions that produced the major ash-flow tuffs of the flanks. The two largest ash-flow tuffs, the tuff of Tepee Draw (Otp) and the basaltic andeSite lapiDi tuff (Obt), probably produced caldera collapse. Each occupies a 50° sector of the volcano and has a volume in excess of 10 km 3 .
Ages for the major pyroclastic-flow deposits remain poorly known. The tuff of Tepee Draw (Otp) is most likely about 0.50 million years In age, on the basis of K-Ar age determinations (table 3, Nos. 30a and 30b). The basaltic andesite lapilli tuff (Obt) lacks meaningful K-Ar ages. It is younger than 0.41±0.08 million years (age of a dome on the southwest flank, No. 13 on fig.  2 ) and older than intracaldera domes (unit Orpl, sheet 2) on the southwest shore of Paulina Lake. The age of the intracaldera domes are poorly constrained by ages of 0.58±0.40 and 0.56±0.40 million years; the domes may be as young as 0.2 million years, given the relative error. Thus the basaltic andesite lapilli tuff probably was erupted some time between about 0.4 and 0.2 million years ago. To summarize, caldera collapse probably occurred at least twice, the first time about 0.5 million years ago and again sometime between 0.4 and 0.2 million years ago.
The caldera contains pyroclastic rocks, lava flows and domes, and fluvial and lacustrine deposits of Pleistocene and Holocene age. Our knowledge of underlying, caldera-filling deposits is obtained mostly from core samples of USGS N-2, a 932-m-deep drill hole sited near the center of the caldera (shown generalized on cross section A-A', sheet 1) (Macleod and Sammel, 1982; Keith and Bargar, 1988) . Core from the upper 500 m consists of clastic rocks except for an obsidian flow at 42-to 98-m depth and a rhyodacite sill at 460-470 m. To a depth of 290 m, the rocks are basaltic and rhyolitic lapilli tuff, minor tuff breccia, and alluvium derived from the tuff. Lacustrine sediment from depths of 290-320 m indicate that the caldera was initially much deeper and that the central block subsided 500-800 m as measured from the caldera rim. Ash-flow deposits cored at depths of 320-500 m may be products of pyroclastic eruptions associated with caldera collapse, but they are chemically dissimUar to ash-flow deposits exposed on the flanks. In contrast to the clastic upper part, the core from 500 m to the base of the hole (932 m) consists mostly of lava flows, which are progressively more mafic downsection, from rhyodacite to dacite, andesite, and basalt. The flows between 500 m and the base of the hole at 932 m may be precaldera rocks of Newberry volcano (interpretation of cross section A-A'; alternatively, the lava flows may be caldera filling, in which case other major sequences of pyroclastic rocks, including lateral equivalents of the tuff of Tepee Draw (Otp), exist at greater depth.
East and Paulina Lakes are the major lakes l~ted in the caldera of Newberry volcano. (A minor intermit-8 tent pond, Lost Lake, is located near the Big Obsidian Flow.) East Lake occupies the northeast comer of the caldera floor. It is about 50 m deep at Its deepest point, and much of the northern half is deeper than about 30 m (see bathymetry on sheet 2). Inflow to the lake is chiefly by subsurface flow and snowmelt; outflow is also by subsurface flow, some of which moves westward Into the slightly larger Paulina Lake (Phillips and VanDenburgh, 1968; Johnson and others, 1985) .
Paulina Lake Is one of the deepest lakes in Oregon, about 80 m deep at its deepest point (Johnson and others, 1985) . Uke East Lake, Paulina Lake receives inflow by subsurface waters and snowmelt; unlike East Lake, it is drained by a stream, Paulina Creek. Paulina Lake lies about 15 m lower than East Lake, from which it is separated by lava flows and volcanic cones that have built up in late Pleistocene and Holocene time. Given the small difference in elevation between Paulina and East Lakes and the relative youth of rocks separating them, it seems likely that the lakes were a single body of water in past times.
Hot springs occur along the south and southeast shore of East Lake and the east and northeast shore of Paulina Lake. Additional thermal fluid seeps from the lake floors. Both lakes contain unusually high concentrations of major ions as a consequence of the hot-spring discharge (Johnson and others, 1985) .
ABSENCE OF GLACIAL FEATURES
Evidence for glaciation at Newberry volcano is poorly substantiated, and it seems unlikely that the volcano sustained more than a few permanent snowfields at high elevations in late Pleistocene time. Perhaps small cirque-filling glaciers were located at the base of cliffs north of Paulina Peak. But earlier suggestions that the volcano's west flank is mantled by till or that the west rim of Paulina Lake Is a terminal moraine {Russell, 1905) are now known to be incorrect. (Russell's early attempt to explain the caldera's landform was made without benefit of subsequent investigations into the mechanism of caldera collapse.) The absence of till has prevented the use of dating methods in which the age of volcanic deposits is inferred l::ry their relation to gladai deposits of known age, a technique used elsewhere in the Cascade Range. Periglacial effects such as increased runoff and erosion during glacial wasting probably have modified older lava-flow surfaces; nevertheless, relative dating techniques such as comparative flow morphology proved difficult to apply as mapping tools because much of the volcano is thickly but variably blanketed by the Mazama ash bed. Also, precipitation (and consequently, rate of erosion) varies significantly across the volcano.
Glaciers were widespread in the Cascade Range during late Pleistocene time. Their apparent absence at Newberry probably resulted from the volcano's position in the rain shadow of the Cascade Range and perhaps from other effects of atmospheric circulation. Older volcanoes closer to the Cascade Range but east of the range crest, such as Black Butte (45 km northwest of Bend), are also known to have been spared from extensive glacial erosion.
HOLOCENE ERUPTIVE ACTIVITY
Holocene volcanic rocks and deposits are widespread at Newbeny volcano. They include rhyolitic rocks centered around the east half of the caldera (for example, unit Oyo on sheet 1) and basaltic andesite flows of the flanks (Oyb,.,s). Lava flows younger than the Mazama ash bed are easy to recognize because of their stark, fresh surfaces. Pre-Mazama Holocene rocks are difficult to distinguish from Pleistocene units because they are poorly exposed.
We once Interpreted as early Holocene an obsidian flow and dome (Qyrc) near the south caldera wall, the east rim fissure (part of unit Oc), and the basaltic andesite near East Lake Resort (unit Qbce, sheet 2) (Macleod and Sherrod, 1988) . This Interpretation was based on the unweathered appearance of these units and their position beneath the Mazama ash bed. But carbon from beneath the east rim fissure recently yielded a 14C age of 10,500±500 yr B.P. (Unneman, 1990), which corre· sponds to a calendar-year age of 10,970±500 yr B.P. (table 1), indicating that the rocks forming these geographic features are probably latest Pleistocene. Cinders from the east rim fissure overlie unweathered pumice deposits possibly erupted from the vent for the obsidIan flow (Oyrc) near the south caldera wall. The other notable silicic deposits of uncertain age form the large pwnlce ring of Lost Lake (unit Qlp, sheet 2), at the northeast edge of the Big Obsidian A ow.
The first major post-Mazama eruptions were Of rhyolitic composition and occurred within the caldera perhaps about 7,300 calendar yr B.P. The best known products of these eruptions are the Central Pumice Cone (unit Oicp, sheet 2), its obsidian flows (units Oicf and Oicg on sheet 2), and the Interlake Obsidian Aow (unit Qiif, sheet 2}. Silicic tephra from some of these vents underlie basaltic andesite flows of the northwest rift zone (discussed next), which were emplaced between 6 ,600 and 7,200 yr B.P. Therefore, hydration-rind ages of about 6,700 yr B.P. from the Central Pumice Cone and associated obsidian flows are too young (table 2}. Also of this early, post-Mazama age Is the East Lake tep~ra deposit of Macleod and others (1982) , which Is a wtdespread thick phreatomagmatic pumiceous tephra deposit (part of unit Qyt} in the eastern and southeast· em parts of the caldera. The East Lake tephra deposit ~:san age of 7,300±130 calendar yr B.P. (6,400±130 C yr B.P., table 1). It was most likely erupted from a vent beneath the southwest comer of East Lake (vent symbol shown dotted on geologic map; see sheet 2 for bathymetry of proposed vent area). Other lesser known deposits produced at about the same time include pumIce cones (units Qilp and Qiwp, sheet 2) at the base of the north caldera wall, small pumice rings and obsidian prot.rusions (units Qisp, Qipe, and Qisf, sheet 2) along the mner south wall, and possibly the young rhyolite of the upper southeast flank (Oyrf). None of them have been dated by isotopic or hydration-rind methods, and their tentative assignment to the first post-Mazama eruptive period is based on similar weathering profiles.
Holocene basaltic andesite forms cinder cones and fissure-vent deposits (Oyc} as well as extensive lava flows (Qyb,.,s} on the northwest, north, and south flanks of the volcano. No basaltic andesite erupted through the caldera floor, although basaltic andesite did erupt from the East Lake Assure on the north caldera wall. The flows range from a few hundred meters to 9 km long and cover as much 25 km 2 , 
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Most vents for the Holocene basaltic andesite flows are aligned in a northwest-trending zone known as the northwest rift zone. The rift zone extends 23 km almost without interruption from its southeast end at the East Lake Assure to Lava Butte at the northwest end (sheet 1). Its molten lava was fluid enough to encase trees in upright positions; the best known examples are in the Lava Cast Forest Aow (unit Qyb8, sheet 1). Although the lava chilled quickly against the wood, the heat was Intense and the trees were consumed in flames, leaving only hollow molds or wells as a record. Charcoal gathered from these tree wells or from the soil beneath the lavi'l flows has been an important source of material for carbon-14 dating.
The edges of the Holocene lava flows in the northwest rift zone form a nearly continuous set of easily recognized landmarks leading to the caldera and thus provided a travel route used by prehistoric people. Caves associated with all the flank lava flows provided shelter, and several contained perennial Ice that provided summer water in an otherwise arid terrane (for example, Cressman and Perry, 1938).
Rhyolitic eruptions have continued since the emplacement of the young basaltic andesite lava flows. The East Lake obsidian flows (sheet 2) were erupted about 3,500 years ago, as detennined by hydration-rind dating methods. But the youngest and perhaps the best known volcanic deposits at Newberry volcano were emplaced about 1,300 yr B.P. from a vent beneath the Big Obsidian Aow. These deposits, which we assign to the Big Obsidian eruptive period, form the three-part volcanic sequence that characterizes many rhyolitic eruptions. The early, most explosive phase produced an eruptive column that was deflected by westerly winds to form a shower of pumIce lapilll and ash in a narrow lobe on the east flank of the volcano. The resultant pumice-fall deposits (Obop) are more than 3 m thick In the caldera and as much as 1 m thick at a distance of 15 km from the vent. Subsequent, less explosive eruptions created grourd-hugglng pyroclastic clouds that were confined mainly to the caldera as they surged downslope from the vent toward Paulina Lake. The road between Paulina and East Lakes today crosses these ash-flow deposits of Paulina Lake (Qboa) along the south shore of Paulina Lake and at Uttle Crater campground. The final stage of the eruption was relatively quiet as the degassed magma finally protruded to form the Big Obsidian Row (unit Qbof, sheet 2). The vent for all three units emplaced during the Big Obsidian eruptive period is marked by a domal protuberance near the south edge of the Big Obsidian Row.
Most likely the pumice-fall deposits were followed closely by pyroclastic flows, perhaps within days of each other. Surprisingly, however, a roughly 300-year difference separates 14 C ages from charcoal beneath the pumice-fall deposits (Obop) and in the ash-flow deposits of Paulina Lake (Qboa) (table 1). The discrepant ages remain a problem in Interpreting the history of the Big Obsidian eruptive period, but they may result merely from differences in material sampled for dating. Charooal found beneath the pumice-fall deposits (Qbop) might be from woody material that had been on the forest floor for a substantial period of time, whereas charcoal in the ashflow deposits most likely came from the branches of staming trees (the pumice-fall deposits had already mantled the ground) (W.E. Scott, written commun., 1991). · A rhyolitic magma chamber may persist beneath Newberry caldera. The evidence Includes (1) relatively consistent composition of Holocene rhyolitic rocks, (2) distribution of rhyolitic Holocene vents In an area devoid of but surrounded by Holocene basaltic vents, (3) occurrence of mixed basaltic-rhyolitic Holocene rocks at the margin of this area, (4) similar duration of repose intervals between rhyolitic eruptions, and (5) a high conductive geothermal gradient that characterizes rocks In the lower 300 m of the caldera drill hole, USGS N-2 (Macleod and Sherrod, 1988) . The exclusion of basaltic vents from the area of silldc wnts apparently is a shadow effect, such that dense basalt magma rising along dikes Is unable to penetrate the overlying viscous, relatively light rhyolite magma. Presumably the distribution of Holocene basaltic vents (thus the shadow size) Indicates the maximum area underlain by the silk:k magma chamber.
The limiting shallowest depth for the top of the chamber is about 2 km, the depth to dry partial melting of rhyolite, as Inferred by extrapolating the geothermal gradient (600°C per km) and bottom-hole temperature (265°C) of the caldera drill hole. This extrapolation assumes that the geothermal gradient remains conductive below drillIng depth and that thermal conductivities are similar to those in the lower part of the hole. The top of the chamber would be much deeper If, as is likely, convection characterizes the heat transfer below the drill hole. Although not conclusive, the five relations strongly support the presence throughout Holocene time of a magma chamber whose upper part did not crystallize, either between eruptions or since the last eruption about 1,300 yr B.P.
A low-velocity seismic anomaly about 3 km below the summit caldera was interpreted as a small magma chamber (Achauer and others, 1988) . However, the anomaly corresponds to an area of average attenuation; whereas high attenuation of seismic waves would be expected from molten rock (Zucca and Evans, 1992 ). An alternative explanation for the zone of low velocity and average attenuation beneath the caldera Is the presence of numerous dry cracks In a recently solidified, shallow, and still very hot pluton (Zucca and Evans, 1992) .
The Holocene obsidian flows contaJn high~ty glass that attracted prehistoric inhabitants of the region. Historic ethnic groups such as the Tenino and Northern Paiute, and their direct ancestors or predecessors in the region, probably wintered at low elevations along the Deschutes River and ventured into the caldera during summer and fall (Connolly and others, 1991), when they quarried obsidian and produced bifacial quarry blanks (unfinished tools) for transport out of the caldera (Scott, 1985a; Aenniken, 1987; Aenntken and Ozbun, 1988) . Although the Big Obsidian Row (unit Obof, sheet 2) was probably the main source for obsidian in the last 1,300 yrs, all major Holocene obsidian flows In the caldera were quarried for tool stone. Cultural flakes from south of East Lake are in soils developed beneath the Mazama ash bed on the young rhyolitic dome and flow of the caldera (Qyrc), Indicating that this now-mostly buried obsidian flow was a source of lithic materials prior to 7, 700 yrs ago (T.J. Connolly, written commun. , 1991). On the flanks of Newberry volcano, McKay Butte is known to have been an Important source of obsidian, especially prior to the emplacement of Holocene sources within the caldera (for example, Scott and others, 1986 Aow {sheets 1, 2). Gravel and sand in the caldera are siJicifted along the southeast shore of Paulina Lake, perhaps from silica-charged thermal waters effusing in past times. Measured temperatures from hot springs on the north· east shore of Paulina Lake are about 55°C; tempera· tures from East Lake hot springs (southeast shore of East Lake) are about 65°C (Mariner and others, 1980) . Exploratory geothermal drilling in Newberry caldera has produced some of the highest temperatures from the Cascade Range, but the reservoir temperature remains unknown. Bottom-hole temperatures in USGS N-2 were 265°C when measured at 932 m depth as drilling progressed. The high temperature most likely reflects a deeper convective anomaly. Cation thermometers, which rely on the concentration of sodium, potassium, and calcium cations in thermal fluids as a thermodynamic indicator of reservoir temperatures, range from 150 to 200°C (Mariner and others, 1980) . The uppermost kilometer of the caldera's thermal system has never been signlfi· cantly hotter than found today, according to the distribution of secondary minerals and isotope partitioning between water and minerals (Carothers and others, 1987; Keith and Bargar, 1988) . Propitious temperatures and geothermal gradients have been found only within 5 km of the caldera, suggesting that the economically accessible thermal anomaly is areally restricted to the sum· mit and upper flanks of the volcano.
Keith, T.E.C., Gannett, M.W., Eichelberger, J .C. , and Waibel, A.F., 1986, Uthology and hydrothermal alteration of drill hole RD0-1, Newberry caldera, Oregon: Oregon Geology, v. 48, no. 9, 109. Kelley, Lea, Spiker, EDiott, and Rubin, Meyer, 1978 Sciences Subcorrunis$1on on Geochronology (Steiger and JliQer, 1977) . These constants are: )., • 0 .580 x 1()-10 yr·l, ~ • 4 .962 x 1()-10 yrl, and 40KIKtotaJ • 1.167 x 10"4 moVmol.
2Value In parentheses Is artthmetk: mean used In age calculation. 3Sample location not shown on 8gure 2. 
